Introduction
============

Breast cancer is the leading cancer type which accounts for the highest mortality rate among woman cancers.[@b1-rado-45-02-116]--[@b3-rado-45-02-116] Although new chemotherapeutic agents have been introduced into the market, the patient outcome is still not satisfactory.[@b3-rado-45-02-116] The improvement of the outcome may be achieved by an early prediction of the response to chemotherapy. For this aim, new biomarker(s), which provide information of the effectiveness of chemotherapy, are required.[@b4-rado-45-02-116] Apoptosis-related biomarkers may be of importance in this regard.

The mechanism by which chemotherapy kills the cancer cells is mainly the induction of the apoptotic pathway.[@b5-rado-45-02-116] Because the effects of anti-cancer drugs is based on the induction of apoptosis, *in vitro* evaluation of apoptosis has been used for testing the efficacy of anti-cancer agents.[@b6-rado-45-02-116]--[@b8-rado-45-02-116] If apoptosis in serum can be measured by a biomarker which results from its induction, this may be of great importance for the clinicians to predict the response to chemotherapy they apply to their patients. It seems that there is such a biomarker which is found in the cytoskeleton.

Cytokeratin 18 (CK 18) is a member of cytoskeletal protein family which is present in epithelial cells.[@b9-rado-45-02-116] When apoptosis is induced, CK 18 is cleaved from aspartate amino acids localized at position 238 and 396. Monoclonal antibody M30 recognizes the neoepitope of CK 18 formed after cleavage by the caspases. This newly-formed neoepitope can be regarded as a selective biomarker of apoptosis.[@b10-rado-45-02-116],[@b11-rado-45-02-116] In fact, it was reported that the M30-antigen assay, which detects this neoepitope, reflects apoptosis accurately.[@b12-rado-45-02-116] It is also reported that M30-antigen is used as a marker for pharmocodynamic studies in cancer.[@b13-rado-45-02-116] Because deregulated apoptosis is a common feature of malignancies[@b14-rado-45-02-116], its assessment via circulating apoptotic markers have recently been made in some tumor types, such as gastrointestinal cancers.[@b15-rado-45-02-116] Recently, it was reported that serum M30-antigen levels may also be a prognostic marker in some tumor types.[@b16-rado-45-02-116],[@b17-rado-45-02-116] In another study, M30-antigen was reported to be associated with the survival in advanced gastric carcinoma patients.[@b18-rado-45-02-116]

In addition to its being used as a prognostic marker in tumors, M30-antigen may provide important information regarding the response to therapy. Thus, it may be useful for the estimation of the efficacy of therapy.[@b19-rado-45-02-116] Kramer *et al*. presented that serum M30-antigen levels increased after docetaxel regimen in prostate cancer.[@b20-rado-45-02-116] Similarly, it was demonstrated that M30-antigen levels increased after chemotherapy in testicular cancer patients.[@b16-rado-45-02-116] Our group previously showed that M30-antigen levels increased as a response to therapy in breast cancer patients but we did not measure its levels in benign breast diseases and healthy subjects.[@b21-rado-45-02-116]

Therefore, we investigated if M30-antigen is increased in breast cancer patients as well as in benign breast diseases in comparison with healthy subjects. We also measured its level after the application of chemotherapy in neoadjuvant setting. We found that chemotherapy leads to a significant increase in M30-antigen levels in serum of breast cancer patients. Thus, it may be used as a biomarker for the prediction of response to chemotherapy in breast cancer patients.

Patients and methods
====================

Patient selection, treatment and assessment of clinical tumor response
----------------------------------------------------------------------

The characteristics of the study participants are presented in [Table 1](#t1-rado-45-02-116){ref-type="table"}. Patients with previously untreated, histological confirmed invasive breast cancer were eligible. The patient selection and eligibility criteria to be enrolled to the study were made according to the previous study performed by our group.[@b21-rado-45-02-116] Briefly, their performance status 2 by ECOG. Core needle biopsy was used for the histological confirmation of the tumor. The patients were treated with FEC or ED regimens: FEC regimen consisted of 5-fluorouracil (EBEWE Pharma, Austria) 500 mg/m^2^, epirubicin (EBEWE Pharma, Austria) 100 mg/m^2^, cyclophosphamide (BAXTER, Germany) 500 mg/m^2^ while ED regimen consisted of epirubicin 75 mg/m^2^ and docetaxel (EBEWE Pharma, Austria) 80 mg/m^2^. All drugs were administered on day 1, at every 21 days.

The response to treatment was assessed after the completion of four cycles of neoadjuvant chemotherapy by standard breast calipers and graded into: (a) clinical complete response (no tumor measurable); (b) clinical partial response (≥50% reduction in tumor size); (c) clinical stable disease (\<50% reduction or an increase in tumor size of ≤50%); and (d) clinical progressive disease (\>50% increase in tumor size or suspicious new lesion). According to the classification above, the complete and partial responses were defined as a regressive group. The other two groups were the stable group showing stable disease and the progressive group showing progression as given above. The informed consent was obtained from the participants and the local ethic committee approved the study.

M30-antigen detection
---------------------

The serum samples of malignant cases were collected prior to chemotherapy (baseline M30-antigen level), and 24 and 48 h after the treatment. Therefore, the acute (short term) effect of the therapy was actually assessed ignoring the long term effects. The sera of benign and healthy control subjects were collected at the time of admission only. The sera were stored at −80ºC until the assessment. An ELISA assay (a solid phase, two-site immunosorbent assay) was used to measure M30-antigen by using a commercial kit (M30-Apoptosense ELISA kit, Peviva, Sweden). Measurement was performed according to the instructions of the manufacturer. The absorbance was finally measured in a microplate reader (FlashScan, Jena, Germany) at 450 nm and the M30-antigen levels were estimated by the standard curve. The concentration of the M30-antigen was expressed as unit per liter (U/L).

Histopathological evaluation
----------------------------

Tissue specimens were fixed in 10% buffered formalin (pH 7.4) and embedded in paraffin. 5 μm thick sections were cut and stained with hematoxylin and eosin. Estrogen (ER) and progesterone (PgR) receptor status were assessed by immunohistochemistry. All specimens were examined by an experienced pathologist who was unaware of the clinical data. Only 22 patients' samples were accessible. The proportion of ER and PgR positive cells was determined as the percentage of invasive tumor cells. The threshold of 10% positivity was chosen as a cut-off value.

Statistical analysis
--------------------

The statistical analysis was performed using SPSS 13.0 (SPSS Inc., Chicago, IL, USA). All values are presented as mean (± standard deviation- S.D.) and median. In the case of the distribution of parameters did not show normal distribution, non-parametric statistics (Kruskal-Wallis and Mann Whitney-*U* tests) were used. Wilcoxon Rank Sum test was also used to compare two dependent samples represented by M30-antigen levels before and after chemotherapy. The relationship between M30-antigen levels and parameters were analyzed by Pearson Correlation. Statistical significance was assigned to *p*-values less than 0.05.

Results
=======

Characteristics of the study groups
-----------------------------------

The characteristics of participants are given in [Table 1](#t1-rado-45-02-116){ref-type="table"}. The healthy control group included 34 people, while the malignant (metastatic and non-metastatic) group and the benign group included 37 and 35 patients, respectively. Among the malignant group, most of them had invasive ductal carcinoma (n=29), while only 5 of them were metastatic breast cancer cases.

Serum M30-antigen levels are elevated in metastatic breast cancer patients
--------------------------------------------------------------------------

The baseline level of serum M30-antigen was measured in control, benign and malignant groups. It was found that the mean M30-antigen levels in control, benign, nonmetastatic and metastatic group were 127 ± 46, 173 ± 224, 182 ± 336, and 333 ± 184, respectively. A statistically significant difference between the groups was observed (p\<0.05; Kruskal-Wallis and Mann-Whitney U tests) ([Table 2](#t2-rado-45-02-116){ref-type="table"}). The mean of the metastatic malignant group was significantly higher than either benign or control group (p\<0.05). There was no significant difference between the control group and either the nonmetastatic malignant group or the benign group. The mean M30-antigen level of the metastatic group was significantly higher than that in the nonmetastatic group.

M30-antigen level increases following chemotherapy
--------------------------------------------------

Eleven nonmetastatic breast cancer patients accepted to donate serum sample after chemotherapy. Blood samples were collected prior to chemotherapy and 24 and 48 h after the application of chemotherapy. The baseline, 24 h and 48 h after chemotherapy levels were 316 ± 564, 809 ± 1526, and 584 ± 874, respectively. The baseline M30-antigen levels increased more than 2-fold 24 h after chemotherapy (p\<0.05) ([Table 3](#t3-rado-45-02-116){ref-type="table"}). In addition, M30-antigen level at 48 h following chemotherapy was still higher than the baseline level but it was not statistically significant (p\>0.05).

Relationship between M30-antigen level and receptor status, stage, and routine tumor markers
--------------------------------------------------------------------------------------------

It has been found that M30-antigen levels differ depending on the ER or PgR status. ER negative (183 ± 31) or PgR negative (235 ± 51) cases had higher M30-antigen levels compared to those in ER (153 ± 39) or PgR (148 ± 30) positive cases (p\<0.05), respectively ([Table 4](#t4-rado-45-02-116){ref-type="table"}).

M30-antigen levels differ depending on the stage ([Table 5](#t5-rado-45-02-116){ref-type="table"}). Stage IV patients seem to have the highest levels. There was no significant difference between stage II and III but stage IV cases had significantly higher levels compared to those in either stage II or III.

The correlation between M30-antigen and the routine clinical chemistry parameters was analyzed. But there was no significant correlation between them (data not shown). In addition, there was no correlation between baseline M30-antigen levels and age (r=0.045, p=0.647). The levels of lactate dehydrogenase (LDH), alkaline phosphatase and platelet count were measured in patients with malignant breast cancer and healthy controls. There was no statistically significant difference between the groups (data not shown).

Relationship between M30-antigen and tumor response to chemotherapy in neoadjuvant setting
------------------------------------------------------------------------------------------

Eleven malignant cases were classified into three groups according to their responses to chemotherapy: regressive group (n=5) consisting of clinical complete or partial responses, stable group (n=4), and progressive group (n=1). One patient's response was not evaluated although post-chemotherapy M30-antigen level of that patient was available. As it is shown on [Table 6](#t6-rado-45-02-116){ref-type="table"}, M30-antigen level of both the stable group and the progressive group did not significantly change after chemotherapy, while it sharply increased in the regressive group 24 h after chemotherapy. It increased about 3-fold (from 544 to 1633 U/L) in this group, implying the apoptosis-inducing effect of drugs applied. However, the differences were not statistically evaluated due to a low number of cases.

Discussion
==========

In the study presented, we measured the M30-antigen levels before and after chemotherapy to investigate its relation with response to treatment. We found that M30-antigen significantly increased following chemotherapy. This may give an idea of the effectiveness of chemotherapy applied in neoadjuvant setting. Neoadjuvant chemotherapy is increasingly being applied in the management of patients with large (≥ 3 cm) and locally advanced breast cancer. Although neoadjuvant chemotherapy may lead to similar disease-free and overall survival rates with those obtained with adjuvant chemotherapy, the response of breast cancer patients to neoadjuvant chemotherapy was found as the most important predictive factor for the survival.[@b22-rado-45-02-116]--[@b24-rado-45-02-116] However, which patient would response to the neoadjuvant chemotherapy is still unpredictable. That is why we believe that the measurement of apoptosis, which is induced by anticancer drugs, may be of great importance in the prediction of response to therapy. This may be achieved by measuring the M30-antigen levels in serum and the clinicians may thus predict better the outcome of their patients by using this tool.

Death of tumor cells generates detectable protein products in the patient's circulation, which may be used for cancer diagnostics and/or monitoring of therapy efficacy.[@b25-rado-45-02-116] Apoptosis is a form of regulated cell death that is characterized by specific structural changes, mediated by proteases of the caspase family.[@b26-rado-45-02-116] Caspase activity itself or the presence of specific degradation products can be used for the detection of tumor cell apoptosis. The M30 antibody detects a caspase-degraded product, CK18-Asp396 (also called M30-antigen), of the important cytoskeletal protein called cytokeratin 18 of epithelial cells. Cytokeratin 18 is expressed by most carcinomas, including those of breast, prostate, lung and colon.[@b11-rado-45-02-116]

Treatment-induced changes in growth dynamics (apoptosis and proliferation) in breast cancer are essential to determine the response or resistance of tumors to chemotherapy. The early detection of chemosensitive tumor with the assessment of apoptosis or different techniques may facilitate the individualized-chemotherapy. It has previously been shown that circulating M30-antigen levels increased in patients with various cancer types and, furthermore, it increased during chemotherapy.[@b21-rado-45-02-116],[@b27-rado-45-02-116],[@b28-rado-45-02-116] For instance, the docetaxel treatment increased levels of M30-antigen in the serum of breast cancer patients, indicating apoptotic death of tumor cells, while the cyclophosphamide/ epirubicin/5-fluorouracil treatment led to a heterogenous response with regard to cell death mode.[@b29-rado-45-02-116] Our group previously reported that M30-antigen increased 4-fold after chemotherapy in lung cancer patients.[@b30-rado-45-02-116] In accordance with this finding, in this study presented, we observed that M30-antigen level was significantly increased 24 and 48 h after the chemotherapy in breast cancer patients. In fact, preclinical and clinical studies have shown that apoptosis significantly increases 1 to 3 days after chemotherapy administration.[@b31-rado-45-02-116]--[@b33-rado-45-02-116]

In the present study, we found that there was no statistically significant difference between the non-metastatic and the control group in terms of M30-antigen levels (p\>0.05). In supporting this finding, there was no statistically significant difference between the malignant group (202 ± 84) and the control group (187 ± 58) in terms of baseline LDH level, which also represents cell death in serum. However, this may depend on the type of tumor. In the patients with disseminated testicular germ cell tumor, circulating M30-antigen levels were found to be correlated with classic prognostic markers including LDH probably reflecting tumor load.[@b16-rado-45-02-116]

In contrast to inexistence of M30-antigen increase in the non-metastatic group compared to the control group, M30-antigen level was significantly higher in the metastatic group than that in the control group (p\<0.05). This implies that the aggressiveness (metastatic ability) of tumor mass may have an impact on the serum level of M30-antigen. This increase may also be explained by the differentiation level of the tumor cells. It is highly possible that the stage or the total size of the tumor mass seems to affect the M30-antigen levels in serum. In fact, in the Olofsson's study, there was a clear relationship between the tumor size and the M30-antigen levels.[@b29-rado-45-02-116] In this study, stage IV patients had much higher M30 antigen levels than those either stage II or III patients. Thereby, there must be a close link between apoptosis and both malignancy itself and the extension of malignancy. In agreement with this, we did not find any statistically significant increase in M30-antigen levels in the benign group, compared to the control group.

Several studies demonstrated that M30-antigen levels were higher in ER negative breast tumors than ER-positive tumors[@b21-rado-45-02-116],[@b28-rado-45-02-116], consistent with our results. Furthermore, we also found that M30-antigen levels were higher in PgR negative tumors, compared to PgR-positive ones. However, this needs to be confirmed by larger clinical studies. In fact, the weakness of our study was the low number of patients studied although the results were interesting.

Conclusions
===========

These findings indicate that serum M30-antigen is increased following FEC-based or ED-based chemotherapy. Thus, the measurement of its serum level may be a useful tool to predict the effectiveness of chemotherapy sooner in breast cancer patients. However, larger clinical studies are required to use it in the clinics routinely.

We thank to Uludag University Research Fund for providing us with the kits.

###### 

The characteristics of participants

  **Characteristics**             **n**
  ------------------------------- -----------
  Control                         **34**
    Mean age ±S.D. (47.2±10.6)    
  Malignant group                 **37**
    Mean age ±S.D. (51.1 ± 12)    
    Invasive ductal carcinoma     29
    Invasive lobuler carcinoma    3
    Metastatic breast cancer      5
  Benign group                    **35**
    Mean age ±S.D. (40.6 ± 8.2)   
    Fibrocystic                   31
    Fibroadenoma                  4
  Sex                             All women
  Stage                           
  I                               4
  II                              17
  III                             11
  IV                              5
  ER (+)                          14
  ER (−)                          8
  PR (+)                          18
  PR (−)                          4

ER, estrogen receptor status; PR, progesterone receptor status

###### 

M30-antigen levels in different groups

  **M30-antigen**   **Control group (n = 34)**   **Benign group (n = 35)**                               **Nonmetastatic group (n = 32)**                          **Metastatic group (n = 5)**
  ----------------- ---------------------------- ------------------------------------------------------- --------------------------------------------------------- -----------------------------------------------------------
  Mean ± S.D.       127 ± 46                     173 ± 224                                               182 ± 336                                                 333 ± 184
  (min-max)         71--340                      68--1295                                                58--2010                                                  159--607
  Median            114                          107                                                     118                                                       350
  *p*-Value                                      \>0.05[\*](#tfn2-rado-45-02-116){ref-type="table-fn"}   \>0.05[\*\*](#tfn3-rado-45-02-116){ref-type="table-fn"}   \<0.05[\*\*\*](#tfn4-rado-45-02-116){ref-type="table-fn"}

Comparison of control group and benign group, Mann-Whitney U test

Comparison of control group and nonmetastatic group, Mann-Whitney U test

Comparison of control group and metastatic group, Mann-Whitney U test

###### 

M30-antigen levels after chemotherapy (n=11)

  **M30-antigen level (U/L)**   **Before chemotherapy (baseline level)**   **24 h after chemotherapy**                             **48 h after chemotherapy**
  ----------------------------- ------------------------------------------ ------------------------------------------------------- ---------------------------------------------------------
  Mean ±S.D                     316 ± 564                                  809 ± 1526                                              584 ± 874
  (min-max)                     96--2010                                   98--4986                                                82--2586
  Median                        136                                        143                                                     150
  *p*-Value                                                                \<0.05[\*](#tfn5-rado-45-02-116){ref-type="table-fn"}   \>0.05[\*\*](#tfn6-rado-45-02-116){ref-type="table-fn"}

Comparison of M30-antigen levels before chemotherapy and those 24 h after chemotherapy, Wilcoxon Sign Rank test

Comparison of M30-antigen levels before chemotherapy and those 48 h after chemotherapy, Wilcoxon Sign Rank test.

###### 

The M30-antigen levels in ER(−), ER(+) and PgR(−), PgR(+) groups

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **M30-antigen level (U/L)**   **ER (+)**\                                             **ER (−)**\                                               **PgR (+)**\   **PgR (−)**\
                                **n=14**                                                **n=8**                                                   **n=18**       **n=4**
  ----------------------------- ------------------------------------------------------- --------------------------------------------------------- -------------- --------------
  Mean ±S.D                     153 ± 39                                                183 ± 31                                                  148 ± 30       235 ± 51

  (min.-max.)                   58--607                                                 86--383                                                   58--607        146--383

  *p*-Value                     \<0.05[\*](#tfn8-rado-45-02-116){ref-type="table-fn"}   \<0.05[\*\*](#tfn9-rado-45-02-116){ref-type="table-fn"}                  
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Only 22 patients' data were obtained for the evaluation of ER and PgR status.

Comparison of ER(−) group and ER(+) group, Mann-Whitney U test

Comparison of PgR(−) group and PgR(+) group, Mann-Whitney U test

###### 

Comparison of the M30-antigen levels according to the stage of disease

  **M30-antigen level (U/L)**   **Stage II (n=17)**                                       **Stage III (n=11)**                                        **Stage IV (n=5)**
  ----------------------------- --------------------------------------------------------- ----------------------------------------------------------- --------------------
  Mean ±S.D                     242 ± 110                                                 117 ± 15                                                    333 ± 184
  (min-max)                     72--2010                                                  59--211                                                     159--607
  Median                        131                                                       113                                                         351
  *p*-Value                     p\<0.05[\*](#tfn10-rado-45-02-116){ref-type="table-fn"}   p\<0.05[\*\*](#tfn11-rado-45-02-116){ref-type="table-fn"}   

Comparison of the M30-antigen levels between stage 2 and 4, Mann-Whitney U test

Comparison of the M30-antigen levels between stage 3 and 4, Mann-Whitney U test

###### 

Classification into the responses to chemotherapy in the neoadjuvant setting and their M30-antigen values (U/L, ± SS)

                            **Stable group, (n=4)**   **Regressive group, (n=5)**   **Progressive group, (n=1)**
  ------------------------- ------------------------- ----------------------------- ------------------------------
  Before Chemotherapy       137 ± 46                  544 ± 820                     110
  24 h after Chemotherapy   115 ± 11                  1633 ± 407                    143
  48 h after Chemotherapy   116 ± 23                  1076 ± 1150                   502

The statistical evaluation was not performed due to the low number of cases.
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